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HYDRAULIC MODEL TESTS OF BOTTOM AND -

SURFACE GUIDE VANES TO CONTROL'SEDIMENT -
INFLOW INTO A CANAL HEADWORKS

§
|

SUMMARY

The purpose of this study was to develop opt1mum arrangements of-
bottom and surface guide vanes, to' compare the performance of -
each type, and to evaluate the effectiveness of each. type'in: reducmg
sediment intake into a canal diverted from-a large river, Thirty-
seven tests were made on one type ofientrance using a standard

river and diversion dischargs; 8 760 cu,bJLc feet per.second in- the -

river and 174 cubic feet per second dlverted to: the canal

Tests indicated that both bottom and surface vanes Flgures 7 and _
9, are effective in reducing sedimentiintake. into'a canal diverted
from a river, With both bottom and surfaCep’ane operation, it was
poss1b1e to reduce the quantity of sediment entering the model canal
t0 approximately 1/23 of the quantlty entermc w1thout the vanes 1n
place. ; ‘ :

Because the vanes are not overly sen91t1vi= to the tested variables,
1nclud1ng length, spacing, placement and depth, the information
in this report should be of value in-future design work. - For ‘intake "
conditions similar to those used in these tests, guide vanes having
dimensions proportionzal to those given in Figures 7 and.9 should
prove beneficial, Results of these tests show that guide vanes to
control sediment movément can be developed by means of model -
tests. :




" INTRODUCTION

Sediment removal from canals, laterals, and farm ditches is costly
maintenance, so that it is desirable, if possible, to exclude or reduce
the amount of sediment going into a canal headworks which takes
water from a sediment-laden stream. Guide vanes placed near a
headworks or sluiceway entrance have been usedl/ as one effective -
method of controlling sediment movement near the 1ntake .They are
used to control localized secondary currents, Figures 1 and 2, by
diverting bottom wat: r with its relatively heavy sediment load awayv
from the canal headworks, and top water. with 1’rs relatlvely hght ‘
‘sediment load through the canal- headwon{s s o

Studies to develop and evaluate the effectlveness of bottom gulde
vanes for a particular arrangement of intake were made for the

San Acacia Diversion Dam and are \reported in. Hydrauhcs Branch
Report No, Hyd-479.2/ In these studies; a bottomivane arrangement
was determined by model tests which resulted in satisfactory per-
formance, At the conclusmn of the San Acacia tests, the model was
used to extend the data on surface and bottom guide vanes as a ‘
research project. Dimensions referred to in this report are for the
San Acacia Dam, Prototype dimensions: are used because itis ™ ‘
believed they are easier to visualize, Most.of the dimensions shown
on the figures are model -dimensions, however, and show the actual =
size of the test facility but some prototype d1mens1on1ng is used
assuming the model scale to be 1:20.

Although the scope of these stuches is limited, the research indi-
cated that efficient guide vanes can be developed by means of model
studies, and that additional research Would prov1de valuable gen-
eralized design information. : ‘

THE MODEL
The model Flgures 3 and 4 was constructed ina test box 11ned
with sheet metal. The spillway consisted of 12 river bays W1th o
20-foot by 7-foot 6-inch gates and an adjacent slulceway area, A |
movable bed extended approximately 600 feet upstream from the
dam axis. The canal headworks was approximately 160 feet

1/"Methods of Transverse Circulation and Its Application to Hydro-
Technics'' by M. Potapov and B. Pychkine. Moscow Academy of
Sciences, U.S.S.R., 1947, Translation No. 46 of Service des
Etude et Recherches Hydrauliques, Paris. ' ,

2 [Hydraulics Branch Repori No. Hyd-479, "Hydraulic Model Study
To Determine a Sediment Control Arrangement for Socorro Main
Canal Headworks-—San Acac1a Diversion Dam, Middle Rio Grande
‘Project, New Mex1co




upstream from the dam ax1s and d1scharged into 2 canal of 8-foot
bottomn width and 2:1 side slopes.: The low-flow channe] used in
the San Acacia study, shown on Figure 3 as hav1ng 5 entrance
condults, was not- operated Ln these tests. L

Major features such as r1ver gates, condults, slide gates, and
sampling equipment were generally constructed of sheet metal,
Treated wood was used for piers between radial gates, and a por-
tion of the canal was constru\rted of metal lath covered w1th concrete
A fine sand of near uniform size gradatlon, Flgure ba, was used to
form the movable bed and to represent sediment bedloadw inithe model
The average diameter of the model sediment was approxxmately

0.2 mm (millimeters).- Flgure 5b shows the setthng ve10c1t1es of
the model sand.

Two pumps were used to supply water. and sedlment to the model,
No. 1 pump positioned at the downstream end of the model, Fig- -
ure 3, recirculated sediment-laden water through the model. No. 2.
pump drew clear water from a laboratory reservoir and supplied a
small amount of water io replace sampling and other losses. This-
water was introduced into the upstream end of the model and main-
tained a constant head on Pump No, 1, Excess water dlscharged
over a weir at the downstream end of the model. Discharges and.
water surface elevations in the canal were maintained constant by
the use of slide gates at the downstream end of the canal, Back-
water was maintained on the radial river gates by the use: of the
slide gates installed for this purpose downstream from the diver-
sion dam spillway, Figures 3 and 4,

Samples of water and sediment discharging from the canal, the
sluiceway, and the river gates were obtained by passing a hand-
operated sediment sampler through the discharging water, Fig-
ure 4b, The sediment-laden water flowea through the sampler to
a volumetric collector calibrated to indicate the amount of water
and sediment in liters. After the .sediment had settled in the small -
funnel at the bottom of the collector, its volume was determined,
Thus, the concentrations of sediment passing through the sluice-
way or the canal could be readily determlned at any t1me durlng a.
test.

During a test some sediment deposited and remained in the canal
To account for these depos1ts which had entered the canal but had
not been accounted for in the sampling process, the volume of sedi-
ment remaining in the canal was also measured. The sediment
concentration was therefore based on the d1scharge and the average
sediment concentrations which passed through various parts of the
model, taking into account the amount of sediment: dep051ted in the
canal,




For all tests, the water surface elevatlon just upstre.a.m from the
dam was held at 4668, 7; the tailwater elevation below the radial
river gates was held at 466'7 6 to correspond to the tailwater used

in the San Acacia model study, The canal intake gate was cali-
brated while holding the headwater at normal elevation 4668. 7 and
maintaining the canal water surface at the calculated normal eleva-
tion for the discharge, A standard test. dis ,charge, similar to that
used on the San Acacia model study, consisting of 8,760 cubic feet
per second in the river and 174 cubic feet per second dlverted to

the canal was used throughout the study , :

When contours of the movable bed conflguratlon at the end of atest -
were desired, levels were obtained and approprlate plots made, To =
help evaluate results;. both black and white and color photographs of =+
sediment deposits and bed CC\'ndJ.‘thIlS were obtamed for each test.

INVESTIGATIONS

- Tests were compared on the ba51s of a ratlo of the concentratlon of
sediment entering the canal headworks to that movmg in the river
upstream from the headworks:

c.

R G
g Crus

Concentration ratlo
Concentration in paz ts per m11110n by welght of
sediment in water entering the canal headgates
= Concentration in parts per million, by weight, of
sediment in the river water upstream from the
canal headworks - S

Thus, lower values of the ratio 1nd1cate a more sat1sfactory sed1- S
ment exclusion device.

To develop a satisfactory set of vanes for the standard test discharge,
it was assumed that, for a given number of vanes having an estab-
lished cross section, a satisfactory vane spacing for a given vane
angle, location, length and elevation, would still be satisfactory if
one of the other factors was varied. Accepting this assumption for
all the variables involved allowed the following test plan to be adopted:

1. Determine satisfactory vane spacing

2. Determine satisfactory vane angle
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. /{
3. Determine satisfactory pld.cement of- vanes w1th respect to-
canal headworks : S

4, Determme satlsfactory vane length

5. /Determme satlsfactory vane elevatlon or vane depth

W

A 8. Determine effect of the number of vanes

7. Determine effect of‘vane cross sectlon '

A graphical method of correlation analysis presented by Ezekiel and -
Fox3 /pwas used in analyzing results, - In this method, a number.of
variables such as the concentration ratio, any of the vane variables, .. = - T
concentration of total sediment moving in the river, and concentra-

tion of sediment moving near the headworks are considered in the

evaluation of a particular arrangement. The concentration ratios

are first plotted as a function of the varlable of immediate interest,

for example, depth of vane, Figure 6. All points on the plot are num-

bered for future reference. The most probable curve is fitted to the

points in Graph 1, solid line. Deviations of Points 1, 2, 3, and 4 ,
from the fitted 11ne (Deviation 1) are then plo?. "éd'as a functlon of the- S
next most important variable; in this example, cencentration of sed1-

ment moving in the river, Crus. From:this plottlng, a new curve

is fitted to the points, Graph 2 of Flgure 6, which is a ‘correction

curve to indicate the effect of the river concentratlon on the concen-

tration ratio. Deviations from Graph 2 (for example Deviation 2)

are then plotted as a function of the varlables of next importance; - -

in this example, concentration of sediment in the sluiceway, Cs.

From the resulting correction curve, Cg is shown to be of minor

importance., This process is continued until all the 1ndependent

variables des1rnd have been 1ntroduced : ‘

In the example the concentration of sediment in the slulce was the.
last variable considered. A second approximation of the relation-
ship of the concentration ratio to the depth of vane may be deter-
mined by plotting the deviations from the last correction curve as
deviations from the first approximation curve. A curve is fitted to
the new points and if considerable change results, or if a large num-
ber of points are available, it may be desn‘able to repeat the ent1re
evaluation process.

While a straight line of best fit can usually be drawn to fit the points,

v this method is not limited to straight lines. .If only.a few points are"
involved a straight-line curve is easy and rapid to use. ‘However, if
too few points are involved results may be inconclusive. As only a-

37/™Methods of Correlation and Regression Analysis, " Third Fdition,
Ezekiel and Fox.




limited number of points were avallab],e for these analyses (usually
three or four) the conclusions drawn are necessarlly 11m1ted in scope.

CONTROL TESTS

Five tests were conducted without vanes but with a 160-foot by 40-foot
3-inch slab, at elevation 4661, 0, near the canal headworks on which
the bottom vanes were later constructed. The standard discharges
were used in the control tests and the river discharge was passed :
through all the river gates which were opened equally. The duration -
of the five control tests averaged approximately 6 hours, and the
control tests we:e spaced throughout the overall testing period, The
control tests:are Tests 4 and 19 in the bottom gulde vane series and
Tests 20, 24, and 36 in the surface gu1de vane ser1es Results are
shown in Tablr : ‘ :

Table 1

Concentration [Conceniraiion [Concentraiion

Number hours of sediment - of sediment “ratio
test was entering canal | in the river Ce
conducted headworks, ppm ppm CTrus

4 7.0 1,601 385 14,16
19 . 1,635 345 | v 474
20 . 1,589 1 01,331 | 1.20
24 . 886 - 835 | . 1.06
36 ) 622 861 0,72

The - average concentration ratio obtained from the control tests was
2,38. This value is therefore the datum used to determine the
improvement resulting from the various guide vane arrangements,

In the control tests, sediment deposits in the canal decreased the
effective cross section of the canal and resulted in a gradual decrease
in discharge as the test progressed The average decrease in dis-
charge was approximately 34 percent, - Attempts, during the control
tests, to compensate for the decrease in discharge by opening the
slide gate to admit more water were successful. “Where the vanes
were in place, no appreciable decrease in canal discharge occurred
and it was not necessary to adjust the slide gate.




TESTS CONDUCTED WI’I‘H BOTTOM VANES

1‘.
it

Bottom Vane Spacing

Four tests were made to determine a satisfactory vane spacing for
tests using bottom vanes. These are shown in Table 2 as Tests 1, 2,
3, and 5 (Test 4 was a control test). Vane arrangements for the tests
are shown in Figure 7, and the test data are summarized in Table 2.

Table 2 ,

Number “Vane Concentraiion [Concentraiion (‘oncentratlon

hours spacing of sediment of sediment | ratio :
test was feet entering canal | in the river Co
conducted|and inchesfheadworks, ppm ppm - | Crus

26, 2 16-8 41 1 233 | o0.178 =
51, 2 12-0 215 . 161 | . .093
31,2 26-0 34 ‘ 349 ©..097
31,2 20-0 | 44 | 282 | 168

For these tests the four vanes used were 50 feet long, their top eleva-
tion was at 4665, 0 feet, and they were placed at an angle of 40° to the
direction of flew with the . downstream end of the downstream vane on
the canal headworks centerline.

In these tests the concentration ratio was considerably .meI'OVPu from’

the 2. 38 average of the control tests, A mul’clple ‘correlation’of the
data indicated the spacing of 26 feet on centers in Test 3 to be most
satisfactory. For this spacing the concentration ratic'was reduced to
0.097 for 349 ppm sediment concentration.in‘the river, The 26 foot
spa c1ng was used in all followmg tests. :

Although the value 0,093 in Table 2 appears to be more satis factory
than the value 0. 097, the multiple correlation method indicates

0. 097 to be better. This results from a number of variables: bemg
involved in the correlation. For instance while the concentration in
the river was 349 ppm for Test 3, it was only 161 ppm for Test 2,
However, even the difference between 0.093 and 0.176, the highest
concentration ratio obtained in this test series, is not great when
compared to the control concentration ratio of 2, 38,

Angle Between Bottom Vanes and Direction of Flow

Tests 3, 6, and 8 were utilized to determine a satlsfactory angle
between the vanes and the direction of flow. The standard test dis-
charge was set, and the multiple correlation method was used for
ana.yzing results. For all three tests the vane length was 50 feet,




vane spacing was 26 feet on centers, the tip of the downstream vane
was on the canal centerline, and vane top elevation was 4665, 0 feet,
Figure 7, No noticeable decrease in discharge occurred in the canal
for these tests., Results of the tests are shown in Table 3.

_Table 3

Number | Vane [ Conceniraiion [Comncentration]Concentration
hours |angle to| of sediment | of sediment - ‘ratio

test was | river- | entering canal ‘| in the river Ce

conducted| flow |headworks, ppm ppm Crus

31.2 | a0° | L 349 0.097
20.0 | 35 | | 367 EEETL
51.4 | 45° : ~p @ | 10s

et -
In the previous series of tests fhe concentration ratio was not sens1t1ve
to vane spacing; in these tests the concentration ratio was not; overly ‘
sensitive to the angle at which the vanes were placed in the river. How-
ever, from a multiple correlation analysis of the data, the 45° angle
was considered to be most saulsfactory. All angles tested indicated
considerable improvement in the concentration ratio compared to.ratic-
obtained when no vanes were 1nsta11ed The 45° angle 1nd1cated an

improvement 1n—c——-—— from 2.38 to 0,106,

Bottom Vane Location |

Tests 7, 8, and 9 were: utzhaed to determme a satlsfactoxy placement
or locatlon of vanes with respect to the canal headworks. ' The standard
test discharges of 8, 7(:0 cubic feet per second in the river and 174
cubic feet per second 1n the canal were used, and the multiple corre-
lation method was useJ in analyzmg results. For all tests, the vane
length was 50 feet, vane spacing 26.feet, vane elevation 4665, 0 feet
and the angle of the vane with the dlrectlon o% flow was 45°, "‘eq‘r
results are summarlzed 1n Table 4, : : : e




. Table 4

Conceniration| - 1
Number |Tip location| of sediment Concentration Concentratmn
Test| hours ~of entering canal of sediment « ratio
test was |downstream| headworks ‘|in'the river | = "Ce
conducted| vane* | = ppm = - . ppm 1 Trus

7 26.8 |5'=7" 7.8, *x% 22 467 - | 0,047
canal € g , O | B
8 51.4 |At Canal1g 33 N 310’ 1060
9 27.9 fir-11" 28 ‘ 380 | . .074
D. S. % Do ' B ‘

from'
canal,g

*See Figure 5.
*%[J,S. indicates upstream, D.s.. 1nd1cates downstream

Visual observations of trial locations 1nd1ca.ted that p1a01ng the vanes
either farther upstream or downstream from the canal headworks
would reduce the efficiency of the vanes., The multiple correlation:
analysis of the three tests indicated that placing the vanes 5 feet

7 inches upstream from the canal centerline was the most satlsfactory
arrangement. :

Bottom Vane ‘Length

Tests 7, 10 and'11 were used to. determlne a satlsfa(_tory vane. length

‘The: sta.ndard test discharge was set and-the- xollowmg conditions were
constant for the three tests: vane spacing 28 feet on centers, vane
elevation 4665. 0 feet, angle of vane with direction of flow 45°, ‘and

the tip of the downstream vane 5 feet 7 inches upstream from the center-
line of the canal headworks. Table 5 summarlzes results of these tests o

Table 5 e By ,';::;‘

Number S Concentration [Concentraiion]|Concentration
Test ‘hours | Vane of sediment : | of sediment - ,ratio
test was | length | entering canal | in the river C
conducted| feet |headworks, ppm © ppm S 'CE%E‘
71 .-26.8 | 50 | 22 1 467 | - 0,047 i
10 30.6 | 40 i6 : 303 | .053
29.8 : 7 34 333 . .102

20



Plots and analysis of data indicated the 50- foot ‘vane length to be
most satisfactory. The results showed a considerable 1mprovement
over the average concentrationratio of 2.38 wlth ‘no vanes in place,

Vane Top Elevation -

Tests 7, 12, 13, 14, and 15 were ut111zed to estabhsh a satlsfactory
vane top elevatlon for the test: dlscharge. For this series of tests,
vane length was 50 feet, vane spacing was 26 feet on centers, angle
of vane with direction of flow was 45°, and the tip of the downstream
vane was placed 5 feet 7 inches upstream from the centerline of the
canal headworks. Four vanes were used in all tests. Table 6 sum—
marlzes results of these tests. : :

‘Table 6

“Number ' -Concentiration Concertratlon Concentraiion
hours |Vane top| of sediment | of sediment’ ‘

test was |elevation| entering canal | in the river .

conducted - |headworks, ‘ppm| ppm ‘

7 26.8 4665.0 | = 22 1 487
12 29.0 | 4663.9 90 362
13 29.5 4664.5 | 26 175
14 | 49.0 | 4666.2 : 4 319

15 | 23.9 | 4666.8 a1 | 456 o ..090' :

The vanes 1nsta11ed for Test'12 appeared,etn be too low and allowed
considerable sediment to pass.over them. An average decrease in
discharge of approximately 5. percent. occurred in the canal during
Test 12, No 51gn1f1cant decrease in d1scharge occurred during the
other tests of this series. '

Analyses of the data indicated the most satlsfactory surface elevatlon .
to be between 4665.9 and 4666, 2 feet. - The elevation selected as. most
satisfactory, after these and additional test data were analyzed, was
4666, 1 feet. However, in some succeedmg tests the value 4665.9 -
“was used. : s

Number of Vanes

Test 16 was used to establish wheéther. fewer than four vanes would
- produce sufficiently strong secondary currents to reduce sediment
intake into the canal, ‘

Three vanes were tested in a manner similar to that for four vanes,
The 50-foot-long;vanes were placed‘with the tip of the downstream
vane 5 feet 7 1nches upstream from the canal headworks."- Vane top




elevation was 4665. 9; the vanes were 26 feet -on centers, and placed
at an angle. of 45° w1th the direction of flow. 'The standard: discharges
were set, and tests of 18.5 and 7,0 hours were conducted. ' The canal
discharge remained constant during the tests, -and the resultmg aver- -
age concentratlon ratio- was 0 067 i ,
From v1sua1 observat1ons and compar1son of Tests 16 and 14, ‘it was
concluded that four vanes produced a more sat1sfactory concentratlon‘
ratio than three vanes. LT , , -

Effect of Vane: Cross Sectlon

Tests 17 and'18 were utilized to determlne the effect: of vane cross -
section on the concentration ratio, In previous: ‘tests, the vanes.in

the mndel were constructed of sheet:metal, -equivalent toa thlckness '
of approximately 1 inch in a prototype structure 20 times-as large.as"
the model. A prototype vane would be somewhat thicker, particularly
a concrete vane, and tests were. requlred to-evaluate the effect of vane

.thickness, ' Vanes 8 inches thick were therefore investigated.. Flgure 7

shows" cross sect1ons of the vanes: used in these tests, -

Four 50- foot-long vanes ‘were used in these tests, spaced 26 feet on |
‘centers, placed at'an angle of 45° with'the direction of flow, and with.

_ the tip of the downstream vane 5 feet 7 inches upstream from the -

"~ canal headworks centerline. Vane top elevation for Test 17 was"

o

4665.9 feet and for Test 18 was 4666.1 feet. The test.discharges of
'8, 760 cubic feet per second'in the river and 174 cub1c feet per second
in the canal were used for the tests. ' : nE ,

?!;
i

In Test 17 2 set of four bottom vanes with sha?n—edged lips: extendlng
2 feet 6- 13 [32 inches upstream, shown in Figure“Z;-were tested dur-
ing runs-of 18.7, 6.2, 17,0, and 6.9 hours.. The canal. discharge.
remained constant, but no s1gmflcant improvement was shown over
vanes made with a. rectanngar cross: sectlon. The average ‘concen-
trat1on ratlo was 0. 110 S : 3t

Rectangular vanes 8- 1nches thick, Figure 7, were 1nsta11ed :tor Test 18 k
cmd-f uns of 16,9 and 6, 7 -hours were conducted ‘

The canal d1scharge remamed constant durmg both runs and the result— ‘
ing average concentration ratio was 0.094. The rectangular vane

cross:section, used for this test appeared to be more satisfactory than
the cross section used in Test 17 and would certalnly be ea51er to con-

struct in a field 1nsta11at10n. : : ?,_

Photcgraphs of the sedlment ‘deposits whick’ .resulted in the canal when
‘no control was used, and: when the vanes, of Test 18 were: used are
shown in Figure 8. ~ :




Summary of Bottom Vane Tests

From these tests 1t was concluded that’ bottom vanes are effectlve in
reducing heavy-sediment intake into a canal supplied by water diverted |
from a large river, The most efficient bottom vares developed were
a group of four 50-foot-long-vanes installed upstream from the intake
at an angle of 45° to the.direction of flow. The vanes were spaced.

26 feet on centers, the downstream tip of the downstream vane was.
located 5 feet 7 inches upstream from the canal headworks center-
line, and vane top elevation was at 4666.1,.. This arrangement reduced
the concentration ratio for the test dlscharge from 2, 38, the average
for the five control tests with no vanes in place, to less than0.1.

This ratio reduction means, in effect, that the vanes allowed only
1/23.0f the usual amount of heavy sediment to enter the canal. Tests
conducted during the San Acacia model study (Hyd—479)2/ indicated
that the vanes were also of benefit when the ratio of r1ver to canal o
discharge was varied, ‘

Considerlng only the standard test dlscharge used in these tests, the
dimensions of the variables, location, spacing, angle, iength, depth
number, and cross section were not critical with respectto perform-
ance, Minor changes in the dimensions tested could be made, there- -
fore, without changing their performance significantly. Surface vanes
were next investigated to determme whether they ‘were more or less
efficient than bottom vanes. ;

TESTS WITH SURFACE VANES

Surface Vane Spacing

Tests 21, 22, 23, and 25 were used to determme the effect of spac-
ing of surface vanes (Tests 20 and 24 were control tests), Vane
arrangements for the tests are. shown 1n Flgure 9 and the test. data
are shown in Table 7.

Table 7

(Toncentritlon
of sedlment
entering canal

Number
hours
| test was

Concentration
of sediment -
in the river

‘Vane

spacing
feet

ratio
Ce

Concentration

‘jconducted

and:inches

headworks, ppm

ppm

Crus

29,
4,
9.
3

16-8
12-0
26-0
20-0

59
113
81
118

944
953
917
1,030

0.062
.119
. 095
114




Four vanes, 50 feet long and. 2 feet 8-1/2 inches deep were placed

with their bottoms at elevatlon 4667.68; vane tops were at the nor-
mal water surface. The vanes were placed at an angle of 140°,
(measured from the same reference as the bottom vanes), with ‘the
downstream end of the downstream vane of the canal headworks & .~
centerline, 'In this test, and.all tests conduc~ed ‘with surface vanes,
the vane thickness was 8 inches. The vane. spacmg was varled in.
each test as indicated in Column 3: of Table . i 4

The test ratios all showed cons1derable Jmprovement over the 2 38 ~
average concentration ratio of the control tests, and indicated. that -
the concentration ratio was not greatly affected by the spacing of
the vanes, However, a multiple correlation of the data showed that
a spacing of;approximatelylS ffeetr4.;\inches would be the most effi-
cient for these vanes, From this series of tests it was concluded
that surface vanes could be used to effectlvely reduce the sedlment
- entering a canal headworks, : NN

Surface Vane Angle

In the bottom vane tests, the vanes were installed to guide bottom
water away from the right bank into the river. When surface vanes
are used to produce the same flow conditions they must be pointed .
toward the bank (looking downstream). In this position:the vanes
create. secondary currents which move the bottom water away from
the river bank into the river. This action helps to exclude sediment
from the headworks, Figure 2. Tests 23, 26, 27, and 28 were used
to test various vane angles. ; L . 0

For all four tests the vanes were ';0 feet long, vane spacing was

26 feet on centers, the downstream tip of the downstream vane was
at the canal centerline, and the vane was 2 feet 8-1/2 inches deep™<;
with bottom elevation at 4667, 68 fPet ‘Figure 9, 'Tests were made *
using the standard test discharges and the multiple correlation
method was used for analyzing re >u1ts. Resulis of the tests are
.shown in Table 8. X

Tabléj‘:_S_

Number T Conceniration J]Concentration [Conceniration
hours | of sediment of sediment . ratio

test was | entering canal .| in the river P Ce

| conducted headworks, ppm/|  ppm Crus

5.8 | 8T 917 | +..0.095
4,8 ' Co9T | 875 | Tl
‘3.0 -6 936 | - .08l

c 48 | 1,007 | . 047




Although the concentration ratio was not very sen51t1ve to the angle
at which the vanes were placed, a correla.tmn analysis 1ndlcated the
130° angle to be most: sat1sfactory

Surface Vane Loca’uon

Tests 27, 29, and 30 were used to test surface ‘vane placement
(locat1on) For all tests, ‘the vane length was 50 feet, vane spacing
was 26 feet on centers, angle of the vane was 135°, vane depth was

2 feet 8-1/2 inches and vane bottom elevation was 46617, 68 feet, Fig-
ure 9. The standard test discharges of 8, 760 cubic feet per. second

in the river and 174 cubic feet per second in the canal were used and.
the multiple correlation method was used in’ analyzmg data, Test
results are summarized in Table 9. R

Table '9

TConcentration : ‘ B

Number |Tip location| of sediment [Concentration|Concentration
hours of entering canall of sediment ratio

test was |downstream|  headworks | in the river Co

conducted|  vane PPm PPM _C;lcfs—

3 At canal ¢ 76 886 0. 081
5 5-7"U.S. .83 1,052 . 079
from ' ‘
canal , : ;
-11"'D,S. 62 ‘ 824 . .05
from : o : N ‘
canal >

These three tests indicated that the vanes were remarkably insensitive
to exact location. Concentration ratios were very similar for all three -
tests. However, visual observations indicated that moving the sur-

face vanes farther upstream or downstream would have reduced ‘the1r
efficiency,

Surface Vane Lengths

Tests 29, 31, and 32 were used to show the effect of varying the:length
of surface vanes on their efficiency in controlling sediment movements.,
The standard test discharges were used and the following conditions
were maintained constant; Vane spacing was 26 feet on.centers, angle

of vane was 135°, the tip of the downstream vane was placed 5 feet

7 inches upstream from the canal. centerline, the vanes were 2 feet
8-1/2 inches deep, and vane bottom elevation was 4667. 68 feet, F1g-
ure 9. Table 10 summarizes results of these tests.




Number Concentration | Concentration: Concentraﬁon
Test hours | Vane . _of;se‘diment‘ | ~of sediment |  ratio

|'test was | length | entering canal | in'the river-. G
conducted | feet - headworks, ppm| - ppm _ Crus

29 | 5 | s | e /| 1,082 | .0.079
31 5 .40 | o sT 861 | . .066
22 | 5 | s | e . s | L0722

‘The ana1y51s 1ndlcated that a surface vane longer than 40 feet dld not
improve the concentration ratio, and that'a vane less than 40 feet 1oncr ST
was slightly less efficient. : : ET R

Surface Vane Helght |

Tests 29 33, 34, and 35 were utlhzed to, estabhsh a satlsfactory
height of surface vanes, For this series of tests the vane length was.
‘50 feet, vane spacing was 26 feet.on centers, and the angle of:the
vanes was 135° Four vanes were used, and'the tip of the downstream
vane was placed 5 feet 7 inches upstream from .the centerline of the
canal headworks. Table 11 summarlzed results of these +ests. '

Table 11 [ :

Number Vane Concentratlon TConcentration Loncenﬁ'atlon
hours ‘height | of sediment | of sediment ratio

test was| feet | entering canal ‘| in the river Ce

conducted|and inches|headworks, ppm{  ppm Crus -

Test

29 2-8-1/2" - 83 1,052 . | . 0,079
33 | 3-1-1/2 | 6L ] . 903 | - .,087
34 | 3-11-1/2. 84 41,018 . . ,084
35 1-11-3/4| /9 - | 988 | /».oso

/‘f

In all cases, the vanes were ef*‘ectlve, but analysis: 1nd1cated the most
'effectlve depth to be 1 foot 11 3/4 1nches. , :

” ,Number of Surface Vanes

Test 37 was conducted'to establish'the effect of fewer than four vanes
(Test 36-was a control test). Three 50-foot-long vanes were placed -
with the tip of the downstream vane 5 feet 7 inches upstream. from - the
.canal headworks, Vane depth was 2 feet 8-1/2 inches, spacing was .
- 26 feet.on centers, and. they were placed at an angle of 135°. The




standard discharges were tested and the resultlng concentratlon ratio
was 0,074, almost identical with the ratio 0,079 lof. Test 29 in whlch
four vanes were used,

Summary of Surface Vane Tests

From the tests Wlth surface vanes, it was concluded that surface wvanes
are effective in reducing heavy sediment intake into a canal supplied
with water diverted from a large river, and are about as efficient as_
bottom vanes. The dimensions of the vane variables, ‘location, 'spac-
‘ing, height, angle, length, and number were-not critical with respect -
to the performance of the set of vanes. ‘Installed in the same relative
position as the bottom vanes, but angled so as'to divert top:water into-
the canal keadworks (bottom vanes are angled so as to divert bottom
water away from the headworks) they produced: approximately equiva-
lent results, and reduced the concentration ratio for the test discharge -
from 2. 38, the average for the control tests, to less than 0.1, All "
tests on the surface vanes were conducted at standard discharges of
8,760 cubic feet per second in the river and 174 cubic feet per ‘second
dlverted to the canal, . :

Photographs show1ng the surface vanes in place for Test 21 and the -
resulting depos1ts in the canal followmg the test are shown in Flg—
ures 10a and 10b..

"’OMPARISON OF. VANES AND DISCUSSION

Both surface and bottom guide vanes reduced the: concentratlon ratio,
U%l; (concentration of sedlment entermg the canal to concentration
of sediment in the river upstream) from 2,38, the average of the
control tests, to less-than 0.1, In.other words the sediment enter-
ing the headworks was only 1/ 23 the amount which.entered whenno
vanes were used. A comparison of the vane variables which pro-
duced the most satisfactory results for the bottom and surface-vanes
is shown in Table 12. ‘Although the results of tests with both types
of vanes showed that the vanes were not’ overly sensitive to the vari-
ables tested (within the test range), the surface vanes appeared to be
the least sensitive to location, length, and numbers of vanes. The
angle at which the bottom vanes worked best was 45°  Also, the
ratio, height of vane divided by the water depth above the slab, may
be less for the surface vanes. The lesser height of the surface vanes
appears to result in less total projected vane area in the flow prism.

‘However, as some sediment.was always present on the supporting slab

when the bottom vanes were in place, Figure 11, the y/d ratio and
projected area shown for the bottom“vanesvinxTable 12:is no doubt
too large. Few generalizations can be made from-these tests because
only one arrangement of canal intake and only one discharge were




r.'\-'

‘tested, 'The tests demonstrated, however, that satlsfactory vane
arrangements can be developed usmg the testlng and analys1p prm— i
ciples.discussed. : v AR

Table 1 2

OPTIMU M DIMENSIONS OF V ARIABLES OF

BOTTOM AND SURFACE \}VANES

‘[inches)

gBest
spacing
{feet
“and

1Bfe?"3t‘f
angle

|tested

_ ;Best_' :
placement
‘tested:

- Best

“vane,

lengthj
‘|tested
- [(feet)

Best

y/d .

ratio:
tested#

Tifect on

 |concentration
ratio from'

.reducing -
‘number of -

vanes from 4

“to 3

,Y'I‘?otal'v‘a_he L

‘surface
‘inflow ' -
ab'ov”e s'léb
‘at best
condltlon
2

Bottom
vanes

26

: Tip of.

‘D. S.
vane
51=7"
U.S.
from
‘canal €

0,544

Increases

| 833

Surface
vanes

|Tip of

-D.S.

1 Canal"gj

D.S.
wvane.
from
AT By A

from:
~canal &

to 5'-17"

U.S.
Arom

No s1gmf1cant L

changef

*y = height of vane;f d=. depth of ‘.Wafervabcve sla.b.'

CON CLUSIONS AND RECOMMENDATIONS

Thirty-seven tests were conducted on a. hvdrdullc model to determme
the effectiveness of bottom and surface vanes in producing localized
secondary currents to reduce the quantity of sediment entering:a canal -

‘headworks.

:Based on'tests using a single: dla_\charge ‘condition’in which

a relatwely small percentage of ‘the: total river dlscharge was: dlverted v

t'i'




to the canal, it was found that both the surface and bottom vanes were
equally effective in reducing the sediment intake into the canal. For
both types of vanes the concentration ratio of sediment entering the
canal was reduced from 2, 38, measured in control tests which used
no vanes, to less than 0.1, In other words,. the sediment entering
the headworks was only 1/ 23 the amount which entered when no vanes
were used. Results of all tests are summarized in Table 13,

The most effective set of bottom vanes tested consisted of four 50-foot-
long vanes installed upstream from the canal headworks. The vanes .
were placed along the right bank of the river model at an angle of 45° -
to the direction of flow. Vane spacing was 26 feet on centers, vane.

top elevation was 4666, 1 feet, and the downstream tip of the down- ‘
stream vane was located 5 feet 7 inches upstream from the canal head-
works centerline. The bottom vanes tested are shown in Figure 7,

The most effective set of surface vanes, indicated by the tests, & -
included either three or four vanes 40 to 50 feet long placed near the =
canal headworks, Table 12, The vanes were installed along the right
bank of the river model at an angle of 140° (same reference datum as
bottom vanes), Vane spacing was 18 feet 4 inches on centers and ‘
vane helght was 1 foot 11- 3/4 inches. The surface vanes tested.are
shown in Figure 9, : e T

Both bottom and surface vanes were found to be extremely valuable
in helping to gain control of heavy sediments by creating localized
secondary currents to reduce the-sediment intake into a canal. ‘Con-"
sideration should be given to their use where flow conditions are
similar to those tested in this study. For example, where a rela-
tively smali discharge is being diverted from a relatively large flow,
and it is desired that the small discharge have a relatively hght sedi-
ment load, .either bottom or surface vanes may be employed using the
dunensmns (ov' proport10na1 dimensions) given in this report. Fur-
ther investigation in a model should be made, however, if. dlscharges
are significantly different than those tested

Further research should be conducted to determine the general per-
formance of vanes in confined spaces and their pos51b1e use'in oo
increasing sediment loads in canal sluiceways. The effect of varymg
discharges should also be investigated.




Table 13

SUMMARY OF VANE TESTS

Column

Test number :

Total number of hours test was conducted ‘

Average concentration of bed sediments in river in
parts per million by weight (ppm)

Average concentraxion of bed sediments ente“ing canal
headworks, ppm

Ratio of sediments entering canal divided by sediments

in river, Cc
Crus

6

:Four bottaom vanes
:Four bottom vanes .
Four ‘bottom vanes
+Control test: )
¢Four bottom vanes
:Four bottom: vanes
.7 ¢Four bottom vanes
‘Four bottom vanes
:Four bottom vanes
“:Four bottom vanes
“:Four bottom vanes
:Four ‘tottom vanes
:Four bottom venes
sFour bottom vanes
:Four bottom vanes
:Three bottom vanes
:Four bottom vanes.
:Four bottom vanes
::Control test
_:Control test R
:Four surface vanes |
:Four surface vanes:
:Four surface vanes
:Control test ‘
:Four surface vanes
:Four surface vanes
:Four surface vanes
:Four surface vanes
:Four surface vanes
:Four surface vanes

5 :Four surface vanes
sFour surface vanes
:Four surface vanes
:Four surface vanes
:Four surface vanes
:Control test
Three surface vanes
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Figure 4

(b)

Sample Being Obtained from River Flow

THE MODEL AND SEDIMENT SAMPLING PROCEDURE
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